The present study examined the hypothesis that feedback inducing an external focus of attention enhances motor learning if it is provided frequently (i.e., 100%) rather than less frequently. Children (10-to 12-year-olds) practiced a soccer throw-in task and were provided feedback about movement form. The feedback statements, provided either after every (100%) or every third (33%) practice trial, were similar in content but induced either an internal focus (body-movement related) or external focus (movement-effect related). The results demonstrated that learning of the movement form was enhanced by external-focus feedback after every trial (100%) relative to external-focus feedback after every third trial (33%) or internal-focus feedback (100%, 33%), as demonstrated by immediate and delayed transfer tests without feedback. There was no difference between the two internal-focus feedback groups. These findings indicate that the attentional focus induced by feedback is an important factor in determining the effectiveness of different feedback frequencies. We argue that the informational properties of feedback cannot sufficiently account for these and related findings, and suggest that the attentional role of feedback be given greater consideration in future studies.
feedback guides the learner to the correct movement pattern, facilitating performance during practice. Yet, frequent feedback (e.g., feedback after every trial) is assumed to have negative effects on learning. Specifically, learners are thought to become dependent on the feedback and neglect the processing of intrinsic feedback. Furthermore, frequent feedback is believed to result in excessive variability in performance ("maladaptive short-term corrections") and to prevent the learning of a stable movement pattern. In contrast, a reduced relative frequency of feedback supposedly allows learners the opportunity to process their own intrinsic feedback, making them relatively independent of the augmented information, and promotes greater movement stability.
Numerous studies have been conducted to examine the effects of different types and schedules of feedback (for reviews, see Schmidt, 1991; Swinnen, 1996; Wulf and Shea, 2004) . Undoubtedly, research examining the assumptions of the guidance hypothesis has provided us with a better understanding of how feedback functions. Wulf and Shea (2004) termed this "the good" of the feedback literature. However, they also pointed out that not all findings were consistent with the guidance view ("the bad"), and that a theoretical framework to guide future research was lacking ("the ugly"). Some of the findings inconsistent with the guidance view have come from studies examining one of the most popular feedback manipulations, namely, the relative frequency of feedback. Several studies have demonstrated learning advantages of practice conditions with a reduced feedback frequency, compared to 100% feedback (e.g., Wulf and Schmidt, 1989; Winstein and Schmidt, 1990; Nicholson and Schmidt, 1991; Weeks and Kordus, 1998) . However, a number of other studies failed to replicate these findings (e.g., Sparrow and Summers, 1992; Dunham and Mueller, 1993; Sparrow, 1995; Wishart and Lee, 1997; Lai and Shea, 1998; Wulf et al., 1998) . Based on their review of that literature, Wulf
IntroductIon
Feedback is one of the major factors in the process of motor skill learning (typically referred to as knowledge of results or knowledge of performance in the literature). Therefore, it is not surprising that research related to how augmented feedback functions, and how it can be optimized to facilitate learning, has a long history. After early disquisitions on the subject (e.g., Thorndike, 1914 Thorndike, , 1927 , and more systematic inquiries in the 1950s (e.g., Bilodeau and Bilodeau, 1958; Bilodeau et al., 1959) , another resurgence in interest was seen in the mid-1980s, inspired by Salmoni et al.'s (1984) influential review of the literature and their theoretical ideas regarding the informational role of feedback. Another 30 years later, it may be opportune to take a fresh look at this important variable. In the past few years, it has become clear that learning is not simply a function of the task information provided to the learner, but that it is subject to a variety of social-cognitive-affective influences (Lewthwaite and Wulf, 2010a ) -that may also, intentionally or unintentionally, be conveyed through feedback. For instance, aside from the volume or accumulation of information about the task that feedback provides, its valence may also affect learning. In the present study, our goal was to examine whether the effect of feedback frequency might be explained through its impact on the induction of beneficial or detrimental performance strategies or movement control in the form of feedback regarding attentional focus. Attentional focus is one variable that has consistently been shown to affect motor learning (see Wulf, 2007) , perhaps in part due to its influence on the performer's cognitive-affective states. We were particularly interested in how the focus of attention induced by the feedback would interact with the frequency of its delivery.
The "guidance hypothesis" proposed by Salmoni et al. (1984) clearly addressed the informational role of feedback. The basic tenet of the guidance idea is that the information provided by practicing a lofted soccer kick generally benefited more from external focus than from internal-focus feedback. Importantly, while 33% feedback was more effective for learning than 100% feedback in the internal-focus conditions, the opposite pattern of results was seen in the external-focus conditions. Post hoc analyses of the interaction effect showed that only the difference between the two internal focus groups was significant, while the difference between the two external focus groups did not reach significance. We therefore deemed it important to further investigate whether a high frequency (100%) of feedback can be more effective than a reduced frequency if the feedback induces an external focus of attention. Such a finding would be important from both theoretical and practical perspectives.
In Wulf et al.'s Experiment 2, the feedback referred to different aspects of the movement technique; yet, movement form was not assessed. It is possible that form ratings are a more sensitive measure of performance, compared with accuracy scores, when feedback is directed at movement form. Therefore, movement form scores as a function of feedback were of primary interest in the present study. Our study was designed after a previous one in which the effects of different feedback frequencies on the learning of a soccer throw-in skill in 12-year-old children were examined (Weeks and Kordus, 1998) . The feedback statements that were used in that study mostly referred to movements of various body parts (i.e., induced an internal focus). One of eight feedback statements (see Table 1 , left) was provided either after every trial (100% group) or after every third trial (33% group). The reduced feedback frequency resulted in a more effective learning of the movement form, compared to feedback after every trial. In the present study, the same age group, task, and similar procedure (with the exception of 72 h retention and transfer tests) were used. However, we added two groups (100% and 33% feedback) that received feedback statement that were translated into ones that induced more of an external focus (see Table 1 , right). That is, while providing the same information, we tried to avoid references to the learners' body movements and to direct more attention to the movement effect. In a 2 (feedback frequency: 100% versus 33%) × 2 (attentional focus: internal versus external) design, we examined possible interaction effects of those variables. While and Shea (2004) concluded that there appeared to be little evidence that feedback provided after every practice trial causes learners to become dependent on it.
Another challenge for the guidance view, and in particular the assumption of dependency-producing effects of feedback, comes from studies showing that feedback inducing an external relative to an internal focus of attention resulted in more effective learning (Shea and Wulf, 1999; Wulf et al., 2002) . Instructions or feedback promoting an external focus (i.e., a focus on the movement effect) have been shown to enhance learning, compared to those inducing an internal focus (i.e., a focus on the performer's body movements). In numerous studies conducted over the past dozen years or so, learning advantages of an external focus have been found consistently for a variety of skills, age groups, levels of expertise, and non-impaired as well as impaired populations (for a review, see Wulf, 2007) . The adoption of an external focus has been shown to facilitate automaticity in movement control (e.g., as well as movement efficiency (e.g., Marchant et al., 2009; Lohse et al., 2010; see Marchant, in press ), whereas directing attention to one's movements tends to result in conscious control attempts that constrain the motor system, disrupt automaticity, and lead to superfluous muscular activity. Recently, Wulf and Lewthwaite (2010) argued that, by referring to the performer's body movements, internal focus instructions or feedback may promote a focus on the self, leading to concerns and worries about one's performance, and subsequently "micro-choking" events. Wulf et al. (2002) argued that the feedback provided in most experiments examining feedback frequency effects may have induced internal foci of attention, and that the benefits of reducing feedback could have been due to the relief this manipulation offered from the constant internal focus induced by every trial feedback. They therefore predicted an interaction between the frequency of feedback and the attentional focus induced by it: Specifically, if the feedback promoted an internal focus, a reduced feedback frequency should be more effective than feedback after every trial; in contrast, if it induced an external focus, frequent feedback should be more effective than a reduced frequency. The results of Wulf et al.'s Experiment 2 were in line with this prediction. Participants Table 1 proper form in each session. Each participant performed 30 practice trials. Immediately following the practice phase and 24 h later, all participants performed retention and transfer tests, each consisting of five trials without feedback. On the retention tests, the target was placed at the same distance that was used during practice (i.e., 75% of the distance the participant reached on the pre-test). During the transfer tests, the target was placed at a distance of 50% of the individual's pre-test distance.
dependent varIables and data analysIs
We analyzed movement form, using the same procedure as Weeks and Kordus (1998) , and throwing accuracy. In order to assess the quality of participants' movement form, they were videotaped during all phases of the experiment. The video camera was placed at an angle of 45° from behind the participant. Two judges, naïve to group assignment, viewed the tapes independently and rated the movement form on each trial, based on the criteria used for the feedback statement (Table 1) . Specifically, the raters awarded 1 point for each of the eight aspects of the technique that was performed correctly. If it was not executed correctly, 0 points were recorded. Thus, the maximum form score for each trial was 8. The average measure intraclass correlation was high (0.951, p < 0.001). Therefore, the scores of both raters were averaged. The distribution of the movement form data did not differ significantly (p = 0.846) from a normal distribution. Therefore, we used an analysis of variance (ANOVA). Both movement form and accuracy scores were averaged across blocks of five trials for the practice phase as well as the retention and transfer tests. All scores were analyzed in 2 (attentional focus: internal, external) × 2 (feedback frequency: 100%, 33%) × 6 (blocks of five trials) ANOVAs with repeated measures on the last factor for the practice phase. The immediate and delayed retention as well as transfer test data, respectively, were analyzed in separate 2 (attentional focus) × 2 (feedback frequency) × 2 (days) ANOVAs.
Maximum throwing distances, a percentage of which was used for practice, retention (75%), and transfer (50%), were compared in a 2 (attentional focus) × 2 (feedback) ANOVA.
results

MaxIMuM throwIng dIstance
The maximum throwing distances reached by participants on the pre-test did not differ among the external focus 100% (6.9 m), external focus 33% (6.4 m), internal focus 100% (6.5 m), and internal focus 33% (6.4 m) groups. Neither the main effects of attentional focus or feedback frequency, nor their interaction were significant, Fs (1, 44) < 1.
MoveMent forM
Practice
The form scores achieved during practice can be seen in Figure 1 (left). All groups showed an increase in form scores, with the external-focus groups having higher scores than the internalfocus groups at the end of practice (external focus: 6.0; internal focus: 5.6). The main effect of block, F (5, 220) = 10.70, p < 0.001, η 2 = 0.20, was significant. Furthermore, the interaction of block and attentional focus was marginally significant, F (1, 44) = 4.01, p = 0.05, η 2 = 0.08. The main effects of attentional focus, feedback we did not predict group differences in movement accuracy (similar to Weeks and Kordus, 1998) , as movement outcome information was always available, we expected to see learning differences in movement form. Specifically, in contrast to the two internal-focus feedback groups, we predicted learning advantages for the 100% relative to the 33% external-focus feedback group.
MaterIals and Methods partIcIpants
Participants were 48 children (18 boys, 30 girls) between the ages of 10 and 12 years, without physical or mental disabilities. All participants were naïve as to the purpose of the experiment. All children provided assent, and the school and parents/guardians provided informed consent. They were also informed that the data gathered in the present study would be kept completely confidential. The university's institutional review board approved the study.
apparatus and task
A regulation size soccer ball (circumference: 69 cm; weight: 440 g), made of leather, was used. The task required participants to perform throw-ins to a target area consisting of a 2.5 m 2 piece of colored cloth laying flat on the ground. It was placed at a distance of 75% of the participant's maximum throwing distance, which was determined in a pre-test. In the center of the target area was a 35 cm 2 , considered the primary target, in which a rubber cone (60 cm high) was placed. The participant's goal was to throw a regulation soccer ball so that it hit the center square on the fly, which yielded a score of 5 points. Fewer points (3, 2, 1) were given if the ball hit one of the zones (35 cm in width) surrounding the target, or missed the target area completely (0 points).
procedure
Participants were assigned quasi-randomly to one of four experimental groups, with 12 participants and an equal number of boys and girls in each group. Each participant performed the task individually. Before the beginning of the practice session, the (male) experimenter, who was skilled at performing the throw-in, provided a verbal description and demonstration of the skill to each participant. The participant was then given a pre-test consisting of one throw-in to determine his or her maximal throwing distance. A distance of 75% of the participant's throwing distance was then calculated and used as the target distance during practice session.
Two groups of participants received internal-focus feedback (see Table 1 , left), whereas two other groups received external-focus feedback (see Table 1 , right). One group under each attentional focus condition was provided with feedback after every practice trial (100%), while the other group was given feedback only after every third trial (33%). The experimenter provided participants with one of the eight feedback statements listed in Table 1 (right) after the respective trials. The feedback statement chosen by the experimenter reflected the aspect of performance that needed the most improvement. In addition, participants could see the outcome of their throw but were also given their accuracy score by the experimenter after each trial. Before the practice session, participants were informed that they would have to perform retention and transfer tests without feedback, and that they were to attempt to exhibit
Retention
Accuracy scores tended to be slightly lower on the delayed compared to the immediate retention test, although the main effect of day failed to reach significance, F (1, 44) = 2.78, p = 0.10. None of the other main or interaction effects were significant either.
Transfer
None of the main or interaction effects were significant.
dIscussIon
We tested the hypothesis that a high frequency of feedback (100%) would be more beneficial to learning than a reduced feedback frequency (33%) if the feedback statements induced an external rather than internal focus of attention. The prediction that feedback after every trial would result in more effective skill learning than feedback on only a portion of practice trials is contrary to the generally accepted view regarding the function of augmented feedback for learning, which was originally formulated in the guidance hypothesis (e.g., Salmoni et al., 1984; Schmidt, 1991 ). Yet, our assumption was based on evidence for the learning advantages of instructions inducing an external relative to an internal focus of attention (for a review, see Wulf, 2007) , as well as previous indications that external-focus feedback facilitated learning (Shea and Wulf, 1999; Wulf et al., 2002) .
The results of the present study confirmed the prediction that external-focus feedback provided after every trial (100%) would result in more effective learning than less frequent feedback (33%). In fact, the external focus 100% group outperformed all other groups on both transfer tests. That is, when the feedback statement were worded in a way that promoted an external focus -by foregoing references to the performers' body movements (e.g., of feet, arms, shoulders, thumbs, head) and directing more attention to the movement effects (e.g., on the ball) -a high feedback frequency was frequency, and the interaction of attentional focus and feedback frequency, Fs (1, 44) < 1, were not significant. Also, none of the other interactions were significant.
Retention
Form scores generally decreased somewhat from the immediate to the delayed retention test 1 day later (see Figure 1) . This was confirmed by a significant main effect of day, F (1, 44) = 8.95, p = 0.001, η 2 = 0.17. The external focus 100% group tended to demonstrate higher form scores than the other groups, although the interaction of attentional focus and feedback frequency did not reach significance, F (1, 44) = 1.37, p > 0.05. None of the other main or interaction effects were significant, Fs (1, 44) < 1.
Transfer
Form scores generally decreased from the immediate to the delayed transfer test, F (1, 44) = 5.16, p < 0.05, η 2 = 0.11. Importantly, the external focus 100% group outperformed all other groups on both the immediate and delayed transfer test (see Figure 1) . This was reflected by a significant Attentional Focus × Feedback Frequency interaction, F (1, 44) = 4.62, p < 0.05, η 2 = 0.10. Post hoc tests indicated that the external focus 100% group (5.95) had significantly higher form scores than all other groups (external focus 33%: 5.25; internal focus 100%: 5.05; internal focus 33%: 5.30) (ps < 0.05). Also, the main effect of attentional focus was marginally significant, F (1, 44) = 3.80, p = 0.058. No other main or interaction effects were significant.
throwIng accuracy
Practice
All groups showed a consistent increase in throwing accuracy across practice blocks (see Table 2 ). The main effect of block was significant, F (5, 220) = 9.80, p < 0.001, η 2 = 0.18. The other main or interaction effects were not significant. rimental effects of frequent feedback were due to constant internal focus reminders, whereas those (negative) effects were attenuated under reduced feedback conditions. Findings by Shea and Wulf (1999) also support the notion that feedback inducing an external relative to an internal focus enhances learning. Interestingly, in their study the feedback presented to different groups was identical (i.e., concurrent feedback of the stabilometer platform position) -the only difference was that participants in one condition were led to believe it represented markers on the platform (external), whereas in another condition participants believed it represented their feet (internal). Furthermore, independent of the induced focus, current feedback as opposed to no feedback benefited learning. Shea and Wulf argued that the feedback (i.e., visual feedback on a computer screen) in and of itself induced an external focus. Thus, there is converging evidence that feedback inducing an external focus facilitates the learning process -particularly, if that feedback is given frequently or even concurrently with the movement. The advantages of adopting an external focus, relative to an internal focus, have been explained with increased automaticity in movement control (constrained action hypothesis; McNevin et al., 2003) . As a consequence, movements are performed with greater effectiveness and efficiency compared to a situation in which performers consciously try to control their movements (internal focus) -thereby interfering with automatic control processes (see Wulf, 2007 , for a review). Support for this notion comes from several lines of evidence. For instance, faster probe reaction times, indicating greater automaticity (e.g., Abernethy, 1988) , have been shown to be associated with an external relative to an internal focus . Furthermore, postural adjustments in balance tasks generally show higher frequency characteristics when individuals adopt an external focus; this is viewed as an indication for the greater utilization of fast, reflexive, and thus automatic control processes (e.g., McNevin et al., 2003) . In addition, the adoption of an external focus has been found to result in lower electromyographic (EMG) activity than internal focus or control conditions for the same individuals (e.g., Vance et al., 2004; Marchant et al., 2008 Marchant et al., , 2009 Lohse et al., 2010; , as beneficial and resulted in superior learning compared to any other feedback condition. Trends in the same direction were observed for the retention tests. It is not unusual for significant group differences to emerge only on transfer tests, as these often present greater challenges to performers and tend to be more sensitive measures of learning (e.g., Wrisberg and Wulf, 1997; Lai and Shea, 1998; Wulf, 2002, 2005; Fairbrother et al., 2009 ). There were no differences between the 100% and 33% internalfocus groups. Even though the 33% internal-focus feedback group tended to outperform the 100% group in retention and transfer, these differences was not significant -underscoring the fragility of this effect (for a review, see Wulf and Shea, 2004) 1 . Group differences occurred only in movement form, but not in throwing accuracy (similar to Weeks and Kordus, 1998 ). This was not surprising, however, given that the feedback was related to the movement form. Also, extrinsic information about movement accuracy was always available. Thus, adjustments could easily be made based on visual outcome information, resulting in similar accuracy scores for both groups.
How can the learning benefits of frequent feedback that promoted an external focus be explained? This pattern is consistent with the concept that more of a good thing (i.e., a frequent reminder to employ a beneficial external focus of attention) is good as is experiencing less of a detrimental influence (i.e., limited use of an impairing thought such as an internal focus of attention). Wulf et al. (2002) speculated that the often found learning benefits of reduced feedback frequencies may not primarily be due to learners' becoming dependent on the extrinsic feedback if it is provided frequently. They surmised that the feedback provided in many previous studies may have induced an internal focus of attention, and that the det- 1 Some may argue that manipulation checks are important to verify that the feedback induced the attentional focus it was intended to induce. While other studies using manipulation checks have demonstrated that participants generally seem to adopt the instructed focus (e.g., Bell and Hardy, 2009; Marchant et al., 2009; Stoate and Wulf, in press ), one might also question the accuracy and reliability of that information (often provided post hoc). We would argue that the fact that the predicted attentional focus effects emerged -in the present study as well as in numerous other studies (Wulf, 2007) -is the best evidence that participants adhered to the feedback (or instructions).
The findings also have implications for applied settings. For example, in interviews of track and field athletes competing at the outdoor national championships, 84.6% reported that their coaches gave instructions related to body and limb movements (Porter et al., 2010) . Consequently, the majority of athletes (69.2%) indicated that they focused internally when competing. Similarly, in a recent analysis of feedback statements used by physiotherapists in their treatment of patients with stroke, Durham et al. (2009) found that 95.5% of feedback statements were related to the patient's body movements. While the frequency of feedback was not a concern in those studies, it is clear that the feedback given in practical settings (still) typically induces an internal focus. Thus, there certainly seems to be potential to improve performance in various fields through the education of practitioners.
Clearly, the informational properties of feedback (Schmidt and Lee, 2005 ) -which are emphasized by the guidance view -cannot sufficiently account for various recent findings. These include findings not only related to attentional focus, but also those showing learning advantages of self-controlled feedback (e.g., Janelle et al., 1997; Chen et al., 2002; Chiviacowsky and Wulf, 2002; Chiviacowsky et al., 2008) , feedback regarding "good" versus "poor" performance (Badami et al., in press; Chiviacowsky and Wulf, 2007; Chiviacowsky et al., 2009) , and normative feedback indicating above or below average performance (Lewthwaite and Wulf, 2010b; Wulf et al., in press) . We suspect that the mechanism outlined above (self-invoking trigger) may play a role in all of those, and presumably similar, feedback manipulations. Clearly, the attentional and motivational function of extrinsic feedback deserves more attention than it has received in the past.
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well as enhanced endurance (Schücker et al., 2009; Marchant et al., in press) demonstrating that movement efficiency is enhanced as well.
More recently, Wulf and Lewthwaite (2010) expanded this explanation by suggesting that the mere mention of the participant's body parts (e.g., fingers, arms, feet) provokes a focus on the self. The self construct has increasingly been recognized as an important factor within social environments, influencing individuals' thoughts, actions, and behavior (see Stapel and Blanton, 2004; Bargh and Morsella, 2008) , often implicitly. The fact that motor performance often takes place in the presence of others and can be evaluated by them, may in and of itself lead to a state of self-consciousness and subsequent self-evaluation. This, in turn, can lead to "micro-choking" episodes (Wulf and Lewthwaite, 2010) and a switching of attention to self-regulatory activity. Efforts to manage self-related thoughts and emotions may be so demanding that available attentional capacity is exceeded and performance suffers. It is also conceivable that these processes promote a conscious control of both movement and self-regulatory activities (see Sarter et al., 2006) . Considering that feedback, by its nature, implies an evaluation of an individual's performance, it may not be surprising that frequent feedback can have detrimental effects compared to less frequent feedback. These effects are most likely exacerbated when individuals are provided with specific self/bodyrelated or internal-focus feedback. In contrast, the "self-invoking trigger" (Wulf and Lewthwaite, 2010) does not come into play when the feedback promotes an external focus -be it implicitly (e.g., concurrent visual feedback in Wulf et al., 1998; Shea and Wulf, 1999) or explicitly (e.g., external-focus feedback in Shea and Wulf, 1999; Wulf et al., 2002; present study) . In fact, frequent external-focus feedback seems to serve as a potent reminder to maintain an external focus -resulting in the observed beneficial effects on performance and learning.
